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ABSTRACT

The radlal pulsatinng af verv luminous, low-mass models (L/*% ~
10%, solar units), which are possihle representatives of the R ZrR
stars, have heen axamined. These nulsatinns are extremelv nonadia-
hatic. We find that there are in snme cases at least ona extra
"strange”) mode which makes {nternretation dAifficult. The hlue
instahility edges are also neculiar, in that there {s an ahrunt ex-
cursion of the hlue edpe to the hlue for L/M sufficientlv large.
The ranpe of periods of the model encomnasses ohserved periods of
the Capheld=like nulsations of actual R Crd stars.

I. INTRCDUCTION

It has heen suppested hy Wheeler (1973) that the hvdropan-
deficlent carhon (HdC) stars may be the nrogenityrrs of Tvnme I super-
novae. Amanag the HdC stars are the R Coronae Borealis (R CrBd) stars,
three of which exhibit, superposed on the laree and erratfc dimnings,
Cephaid=like nulsatinng with periods close t» and (Xing 1980),

The present calculations were intciated primarily to test Vheeler's
(1978) sumgpestion hv using pulsatfon theorv to Infar something ab-ut the
miggug of thege stars. Nur aripinal anals "ave not haen overlv success-
fullv realized, Yet, we can say that the masges seem to be aronnd 1=2
solar masses. However, we have found, we think, some interesting and
gomewhat puzzlinm rasults, which are nresanted {n STI,

The nulsationa of modely of R Orl «atara arn verv nonadiabatic.
The reason {9 that thev have high luminogicina (L) and relativalv low
massed (M), The ratio L/ (s tenically of order 10" (solar units),
compiared to ~103 nr leay far Canhetdu,

Ua have assumed that the models in their nonpuluatineg statas ar.,
in hvdrostatic enuiltheium (losg, Salnater, and Ostriker 1973),



In §TIII we present some conclusions and some c¢nniectures.

II. RESULTS AID PROBLEMS

One of the most difficult and frustrating asnects of dealing with
theve very nonadiabatic pulsators is to know what "node” the star {Is
pulsating in. For these oscillatioas the amnlitude lgl| = |35r/ri of
the relative radial variation merely undergoes a dip at the “node”
(1.e., what would he a node if the oscillations were perfectly adia-
batic). Also, the phase of £ mav change gradually by a few radians
over an appreciable range of radial distances around the “"node” (in-
stead of changing abhruptly by tn radians at a node, as in the case of
perfectly adiabatic oscillations). To make matters worse, there is
often at least one extra mode; when this i{s the case, we have called
such a mode a "strange” mode. The detailed prorerties of such a
strange mode depend on the compositinn chosen for the model.

We have considered twn comansitinns. One congists of 99% hbv mass
of helium and 10%Z carhon (called HE9C1). The other consists of 98%
helium and 2% heavier elements, i{n standard oronartions (called Cox-
Hodson 2 or CH2)., The opacities and eauatinn of state data have heen
ohtained from the onacitv lihrarv of Huehner et al. (1977), which glvas
information only for temneratures (T) > 12,000 K. For T < 12,000 X,
special opacitv and eauation of state tahles for HFI9C]1 hava heen pre-
pared and used. For T < 12,000 ¥ and for CH2, the Stellinpwerf (1975)
onacity formila has been used. All of the linearized calculatinns re-
ported hare were carried out with a fully nonadiabatic code similar to
that of Caator (1971).

The situation f{s illastrated in Fipure 1, which shows loe 1 (ner:
od) versus log T, (effective temnerature) for a model with 'f = 1 Mg
(solar mass), L = 1.15 x 10% 1, (solar luminesity), and the above two
compnsitions. Shown with dashed lines are the linear adiahatic funda-
mental (F, labelled O (Ad)], first overtone (10, labelled 1 (Ad)], and
second overtone (20, lahelled 2 (Ad)! (almogt the same for the two
compnsitions). The correspending nonadiabatic modes ({ndicated suhse=
quently {in the text hv "F,” "I0," and "10") are more-or-less {denti-
fiable with their adiabatic connterparts, at least for the {0 and 20,
The stranpe mode {s clearlv seen -= {t {3 usuallv intermediate I{n ne-
riod between the "F" and "1N" modasg, but {ts detailed characteristics
obviougly denend on camposition. Such a strange mode was alan found
hy Wood (1976), and cailed by him the "“P ™ mode. The third mode for
the CH2 CLomposition == the mode that we have called "F" == axhihits a
vary peculiar hahavicr indeed, The eipenfunctions fnar this mode have
all the characteristics of an IF node at 'hipgh To's. Yet, nt Lower
To's fts seriod hecomes considerahly lass than what one would expect
for a fundamental mode. In fact, the nerfod in this moda “ecomeg
roughly congtant and cven diminfghes sliphtiv for the amailer T 's.
Fauivalentlv, one could sav that the O=value {1 the nerloil-maan densftv
relatinn hecomes, far this componition, verv mich snaller than the
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fig. l. Log 1 (period in davs) ve, log T. (effaccive temnerature in X)
for 1 solar mass models all having luminosity L = 1,15x!0% 1, |
and the two compoaitions HE9ICL and M2, S, scable; US, unstable.

adiabatic *value. (The sali{d line near the hnttam nf the filmre is a
conatant=" vine,) Couls this mode actuallv “e 5 second 4trange mode?
Since the curve for this mnde actuallv crnases the curves for sevaral
other mndes, we have here several cades of depeneracv for nurelv ra-
dial mons,

On the other hand, for the IEACL comnnaftian the "F" mede At an
Te's {8 ever verv far away from the adfabatic T mode, at loast For this
luminositv. llowaver, the ahave neculiar Sehavior of t*e " mode for
HE9C]1 acems to occur for ahout a 3% lower luminoslitv,

Nne mieht ask, "How da the elqenfunctinna of twn modas near a
depeneracy differ?” OFf the four cinses that we have examined (all for
CH2), twn carresnond to the near interscctina of the "F" mode and the
stranpge mode. The crossing anint of thase twn curves {9 at log o =
1.55, log T, ~ 1.83. These twn cases are encircled {n Fipure 1, and
aAre llluq:rated {n Flaures 2 and 3. T™e nariodg of thase twn mndes
are ~ 429 (gtranpe moda) and +3121 ("F" made). The nthar twn c¢asesq
(nat {llusteated) cnrreannnd tn the {ntersection of thae “F" mode and
the "i0" mode. Thia {ntersection naint fencircled {n <{g. 1) (& near
‘A.Oq am 1.5' IOR T. b 3.16.
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Ia Fiqure 2 are plotted the mapgnitudes nf the ralative radial
variation, |3t/c!, versus x = r. /R, (fractinnal radial distance) for
the ahnve two modes. In Fizure‘3 ;re shown the nhases for these twon
nodes, versus x. The phase 13 in each case normalized to he exac:tlv
W at the surface. The phases would bhe © throuahnut the star for an
adiabatic F; 7 down ts the node and zero interinr thereto fnr an adfa-
hatle Ifl; ete. The apnearance of the ef{genfunctions for the other two
cases examined 1s qualitatively the same as illustrated above.

Finallv, the hlue edges of the instahilitv regions exhibit a verv
peculiar behavior, which we think is due ultimatelvy to the ~xtreme
nonadiabaticity of the nulsations. In Flgure 4 is shown the blue ia-
stability edge on a Hertzsprung-Russell (H-R) Afagrams for M = 1 ',
and HE9Cl. For I. ¢ 17% L,  the hlue edge {s at "normal™ T,'s ~ 60N0O-
7000 X and has a slop: roughiv narallel to that of the Cepheid insta-
Sility serip. However, at Aarnund L ~ 15* Lo the blue edaa shifcs
rater ahruptly to higher Tp's, around 13,000 X,  Far comparison, also
shown {5 the hlue edne for the same compasitinn, hut fnr ' = 2 0,

The anproximate location of R Cr3 {s also shown {Schinherner 1975),

Je susnect that roar the lowuar luninosities we ara soeina the
ennventional "F” Hlue edge. "owever, at the hipher lumineositias the
hlue edpe that we are see{n® (s nrrnhahly that of the shortar=rar{ind
strange mode. 1f the perind were tn Y“ecome rather ahruntlv sbhorter at
these higher lumi{nosities, then it can he s“wn thar an ahrnt sYifg
nf the “lue edee tn the “lue (s exactlv what would he exnected for
instahilicy due tn an envelape {nni{zatinn mechanism,

r—s
~a

o CONCLESTONS

He have examined the radial nscillatinns nf models of essentially
helfum gzars of larpe luminositv and small nmass, {.e,, L/t ~ 19~
(gnlar unizs). Such ngcfllations mav be rasresented in nature by the
pulsations nf certain R Cr% stars.

Yhile our arivinal anal ~f {nferrinm someriin2 a%out the misses
2f thase hiphly luminnus »ulsatars Yas nnot heen onvarlr successfullv
realized, we "ave found somc curlous and, so far, haf<line rea<qnlecs and
soma hizarve “ehavinr for these verv nanadilabacic osefilacions, For
example, we hava found at least nne additi{ana. ("azrange™) nonad{aha=
tte mode among the lawer nulsacton modes fFoar snffi{clenclv larne L/,
Examination of the eltzenfunctinng of the stranae mnde and of other
modes does not anpear tn heln much {n thoe made {deanti{fleat{ion nrohlem,

The hlue ‘ngtah{litv ndarne oa an =R {{avramn yr these n0dnlg
hahave verv peculiarlv (see Fia, ). "hMile the {nternretatina of
these reaqultu {s not 2lear vet, ft {apa apnear that {narahilierraa (n
some mode(s) or otherl(sg) existy thraughour 4 rather lare reston Uy
the H=R diagram encompassinn the lacation of the 2 el stars,
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Yumhers alonpside the curve give the =orresnondiqe narinds, ‘r
davs,

Tinallv, we wonder {° such extirennlv aonadiabatic escillatinns s
found here, {n rarticular as exemplified hv the “"strange” mnda, “aun
anv bheariam on the ‘{r1 variahles. Afrer all, it ie known (0.2,
Lanver 1971: Yeelevy 1970a,b) that the nulsationg of rhege staics nre
verv nanadi{ahatic,

'la are arateful tn H, Sala for hHel~fn' zanvargatians., ™ig nri

was suppnrted fn narst hv ISF frant Mo, ASITu=22035, thraneh the Tal-
varsity nf Cnlarado.
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